Nonetheless, information in the current literature is vague and, at times, contradictory when the relationship of the optic radiations to the atrial roof and floor is concerned. Some authors have argued that part of the roof and floor of the ventricular trigone is covered by optic fibers, 34, 36, 37, 42 whereas others have claimed exactly the opposite. 12, 13, 15 As a consequence, ambiguity remains as to whether surgical access to the atrial roof and floor through the most common superiorly or inferiorly directed transcortical or transsulcal transventricular variants, such as the superior parietal lobule, intraparietal sulcus, transcollateral sulcus, or subtemporal approach, confers risk of injury to the visual pathways.
Hence, our main objective was to shed light on this topic by exploring the topographic relationship of the optic radiation to the roof and floor of the ventricular atrium through focused white matter fiber microdissections. In addition, we discuss our findings in relation to some of the most commonly used transventricular approaches for the treatment of atrial lesions.
Methods
This study included 35 normal adult cadaveric cerebral hemispheres (19 right hemispheres, 16 left hemispheres) obtained from 35 cadavers previously fixed in a 10%-15% formalin solution for a minimum of 8 weeks. After the arachnoid membrane and vessels were removed, all hemispheres underwent the Klingler procedure (freeze-thaw process) and subsequently were investigated through the fiber microdissection technique. 16, 20 Because the roof of the atrium is located in the depth of the parietal lobe, we opted to perform stepwise lateromedial microanatomical dissections focused on this re-gion in 15 specimens. Special emphasis was placed on the white matter lying in or adjacent to the dissection plane defined by the intraparietal sulcus, because as previously shown, the trajectory of this sulcus points toward the roof of the atrium. 10, 17, 19, 40, 41 We extended our dissection to the posterior part of the superior temporal gyrus and to the most anterior part of the superior middle and inferior occipital gyri to expose both the lateral wall and roof of the atrium and to delineate more accurately their respective fiber tract anatomy. Thus, the white matter pathways that overlie the roof of the atrium were studied thoroughly and illustrated vividly.
Fifteen specimens were explored through white matter fiber dissections focused on the inferomedial temporooccipital surface and with an inferior-to-superior direction, since the floor of the atrium resides in the depth of the posteromedial temporal lobe and more particularly in the posterior segment of the fusiform gyrus. [39] [40] [41] 50 Therefore, we focused our dissections on the area of the parahippocampal and fusiform gyri with an extension to the lingual gyrus, isthmus of the cingulate gyrus, and part of the medial occipital surface known as the cuneus to explore and delineate the subcortical anatomy in relation to the part of the ventricle defined as the atrium. In this way, the topographic anatomy of the white matter pathways, and of the optic radiation to the floor of the atrium in particular, was investigated meticulously.
In the remaining 5 hemispheres, we specifically focused our dissection on the collateral sulcus, i.e., the sulcus demarcating the parahippocampal and lingual gyri from the fusiform gyrus, 23, 40, 41 with the aim of defining the relationship of the surface anatomy and topography of this sulcus to the floor of the atrium. It has to be emphasized that at the level of the ventricular trigone, i.e., the posterior temporal and parietal areas, the fibers of the optic radiations intermingle tightly with several white matter bundles to form what is anatomically defined as the sagittal stratum. Because these converging fiber tracts share the same direction, orientation, and trajectory, it is impossible to dissect them away and isolate them. 7, 8, 18, 20, 45, 46 Hence, at this level, and particularly in relation to the floor and roof of the atrium, the fibers of the sagittal stratum set the boundaries of the anatomical loca- 
FIG. 3.
Photograph showing progressive dissection of the specimen. The most laterally situated fibers of the corona radiata and sagittal stratum become apparent after removing the SLF. Note that the trajectory of the fibers of the sagittal stratum is toward the occipital lobe, whereas that of the corona radiata is toward the parietal lobe. These fibers are claustrocortical radiation fibers that form the external capsule as they advance in the area of the central core. The plane of the intraparietal sulcus marks a rough boundary between the corona radiata and the centrum semiovale, because this sulcus corresponds to the roof of the ventricular trigone. CCF = claustrocortical radiation fibers; CR = corona radiata; CSO = centrum semiovale; SS = sagittal stratum. tion of the visual pathway, because the latter structure is included in the former one.
We also explored the correlation between the trajectory of the collateral sulcus and the floor of the atrium in 30 focused coronal MRI slices of 30 individuals to evaluate the anatomy of 60 sulci. Informed consent was obtained from all patients before the inclusion of their scans in the study.
The dissection tools used were fine metallic periosteal elevators, variously sized anatomical forceps, and microsurgical scissors, because they were easier to use and more precise in their handling than wooden spatulas. [20] [21] [22] During the dissections, numerous photographs were acquired to illustrate the regional cortical and subcortical anatomies of interest vividly. It must be highlighted that no photographs included in this study were edited by any image-correcting software so that they closely resemble the anatomy encountered during standard fiber microdissections in the setting of a microneurosurgical laboratory. [19] [20] [21] [22] 
Results

Atrial Roof and Optic Radiations
We applied the fiber microdissection technique in a stepwise fashion while remaining focused on the parietal lobe with the aim of investigating and defining the potential relationship between the atrial roof and the fibers of the visual pathway. During the dissection process, the plane of the intraparietal sulcus and the boundaries between the parietal and occipital lobes were demarcated in all studied hemispheres. Furthermore, the white matter layers that were encountered en route to the roof of the ventricular atrium were categorized in discrete layers for educational purposes.
Thus, after the gray matter is removed, the first white matter layer identified consists of the arcuate or U fibers, which connect anatomofunctionally adjacent cortical areas ( Fig. 1 ). Dissecting these fibers exposes the posterior part of the superior longitudinal fasciculus (SLF) and, more specifically, its horizontal, arcuate, and vertical segments, all shown in Fig. 2 . Removing the SLF reveals the most laterally situated fibers of 2 compact bundles known as the corona radiata and sagittal stratum, which exhibit a continuity at the parietal and posterior temporal areas, respectively. At this level, these are claustrocortical radiation fibers forming the external capsule as they advance in the region of the insula and central core ( Fig. 3 ).
During the next step, we had to extend the dissection to the posterior part of the central core and expose the gray matter of the putamen to differentiate the claustrocortical fibers from the fibers of the internal capsule in the region of interest. Thus, in Fig. 4 we show the posterior part of the putamen and the fibers of the posterior and retrolenticular limbs of the internal capsule, which merge at the periphery to form the corona radiata and sagittal stratum. We consistently observed that the fibers of the internal capsule that blend to form the sagittal stratum do not radiate above the plane defined by the intraparietal sulcus; therefore, the atrial roof is devoid of them. In contrast, the fibers that cover the roof of the atrium at this level radiate from the central core toward the superior parietal lobule, merging to form initially the corona radiata and subsequently the centrum semiovale; they are mainly parietal thalamic radiations and parietopontine fibers. No fibers covering the roof of the atrium were observed to bend toward the occipital lobe, hence mimicking the direction and giving the impression of the optic radiation. Because the optic radiation is entirely incorporated into the sagittal stratum and has the characteristic trajectory toward the occipital lobe and not to the superior parietal lobule, it becomes evident that the roof of the atrium is not lined by fibers of the visual pathway.
In the next step, we focused our dissection on the white matter overlying the atrial roof. By removing fibers of the corona radiata-centrum semiovale, we exposed the next and last layer en route to the ventricle consisting of the tapetum (Fig. 5 ). The tapetal fibers arise from the splenium of the corpus callosum and arch over the roof and lateral wall of the atrium exhibiting a dorsocaudal direction. Incising these fibers enables entry to the roof of the ventricular atrium, as shown in Fig. 6 .
Corticosubcortical Correlation of the Intraparietal Sulcus Topography
In all studied hemispheres, the trajectory of the intraparietal sulcus was consistently observed to correspond to the roof of the atrium. Thus, by keeping the direction of the dissection along the plane of the intraparietal sulcus, we always approached the atrium through its roof. When the subcortical dissection was directed inferior to the plane of the intraparietal sulcus and therefore within the boundaries of the inferior parietal lobule, the atrium was entered through its lateral wall. As a result, the plane of the intraparietal sulcus proved to demarcate not only the superior from the inferior parietal lobule but also the anatomical transition of the roof to the lateral wall of the ventricular trigone and thus serves as an important surface landmark for proper orientation.
In addition, we observed the superior extension of the parietal component of the SLF to lie adjacent to the plane of the intraparietal sulcus. This relation was particularly tight regarding the most anterior part of the intraparietal sulcus and the SLF, a finding also documented in a previous anatomical study. 19 
Atrial Floor and Optic Radiations
To delineate the relationship between the optic radiation and the floor of the atrium, we performed white mat-ter dissections focused on the mediobasal temporo-occipital cerebral surface, as mentioned in Methods.
Thus, by removing the gray matter of the parahippocampal gyrus, collateral sulcus, isthmus of the cingulum, fusiform, and inferior temporal and lingual gyri, the small arcuate (U) fibers of this cerebral area are exposed and comprise the first white matter layer identified. Dissection of these fibers reveals medially the inferior arm of the cingulum, extending from the isthmus of the cingulum to the parahippocampal gyrus, and laterally (deep to the fusiform gyrus) a straight and well-defined fiber bundle coursing from the temporal pole toward the occipital lobe known as the inferior longitudinal fasciculus. At this stage, the temporal horn has been entered through its floor and the body of the hippocampus is exposed, as shown in Fig.  7 . By following the temporal horn to its gradual transition to the atrium and by tilting the direction of the dissection medially at the level of the medial occipital surface known as the cuneus, we expose the fibers of the forceps major radiating from the splenium of the corpus callosum over the medial wall of the atrium and occipital horn ( Fig. 8 ).
By removing a portion of the fibers of the forceps major along with the ventricular ependyma, we enter both the atrium and occipital horn through their medial wall, which is known to be devoid of optic radiations ( Fig. 8 ). At this stage, we can properly identify the different ventricular compartments (i.e., temporal horn, atrium, and occipital horn) that reside in the mediobasal, temporooccipital region. During the last step of the dissection, we gradually remove the hippocampus, inferior longitudinal fasciculus, and ventricular ependyma and reveal the fibers of the tapetum, which arch over the lateral wall of the atrium, along with the fibers of the optic radiation-sagittal stratum that sweep around the lateral wall of the temporal horn ( Fig. 9) .
While focusing on the floor of the atrium, we consis-tently observed fibers coursing along its outer part that gradually turn over to the basal surface and cover completely the floor of the occipital horn ( Fig. 9 ). These fibers belong to the anterior optic bundle because they exhibit a characteristic course, trajectory, orientation, and location and were observed to occupy the outer/lateral part of the floor of the atrium in all studied hemispheres.
Correlation Between the Collateral Sulcus Topography and Floor of the Atrium
The collateral sulcus (i.e., the sulcus demarcating the parahippocampal and lingual gyri from the fusiform gyrus 23, 40 ) was consistently observed to be a very deep sulcus, not only in its anterior temporal segment, in which it, as a result, forms a characteristic indentation to the floor of the temporal horn known as the collateral eminence, but in its entire length along the basal temporooccipital surface.
By focusing our dissection on the collateral sulcus in 5 specimens and by removing the gray matter and short arcuate fibers of the adjacent part of the fusiform and the parahippocampal gyri, we immediately encountered a thin subependymal white matter mantle investing most of the floor of the atrium (Fig. 10) . This mantle was observed to extend to the medial wall of the atrium, up until it reaches the fibers of the inferior cingulum and major forceps. The most lateral/outer part of the atrial floor is covered by optic radiation fibers, as previously highlighted. Incising this white matter mantle enables entry to the atrium through its floor and medial wall, avoiding injury to the fibers of the optic pathway ( Fig. 11) .
However, we observed in all 5 hemispheres that the trajectory of the collateral sulcus at its posterior temporal part (i.e., the part that corresponds to the level of the ventricular atrium), when followed, was always pointing toward the lateral atrial floor, therefore presenting a risk for injury to the fibers of the optic radiation and sagittal stratum in general. Because the number of specimens studied by that mean was limited, we further investigated the relationship between the direction of the collateral sulcus and the atrial floor in 30 focused coronal MRI slices at the level of the atrium (60 collateral sulci). It was revealed that in 50% (30 of 60 collateral sulci) of the hemispheres, the sulcus was pointing toward the lateral part of the atrial floor, in 38% (23 of 60 sulci), the sulcal trajectory was leading outside the ventricular trigone and into the temporal lobe's white matter, and in the remaining 12% (7 of 60 sulci), the collateral sulcus was observed to course toward the medial aspect of the atrial floor.
Discussion
Although previous laboratory studies have explored the microsurgical anatomy of the visual pathways and investigated their possible implications in the most commonly used approaches to the ventricular compartmen ts, 5, 8, 9, 12, 13, 15, 19, 27, 29, 33, 36, 37, [42] [43] [44] evidence regarding the specific relationship of the optic radiations to the floor and roof of the ventricular trigone is ambiguous. Although some authors topographically related the atrial roof and floor to the fibers of the posterior and/or central optic bundle and anterior optic bundle, respectively, others did not define the precise anatomical correlation. 5, 9, 15, 27, 30, 36, 37, 42 In that respect, and by reviewing the relevant literature, we have listed in Table 1 the most recent and detailed papers on the optic pathway fiber tract architecture along with the authors' relevant comments on the relationship of the optic tract to the atrial floor and roof. In this table, it is evident that the current neurosurgical literature is not only vague but at times conflicting with regard to this topic; therefore, studies that focus on the specific relationship of the optic radiation to the aforementioned parts of the ventricular trigone should be conducted.
In this context, one could argue that modern and sophisticated neuroimaging methods, such as diffusion tensor imaging and tractography, which can reconstruct and noninvasively map white matter cerebral anatomy in vivo, can be used to elucidate the complex 3D architecture of specific fiber tracts and provide sound morphological data. However, even with this recent advent, the accurate topographic anatomy of the optic radiation has yet to be clarified. 2, 8, 11, 24, 26, 35, 48 It should be noted that these elegant radiological methods, when applied to narrow and anatomically complex parenchymal areas, have the tendency to generate multiple artifacts as a result of the effect of "crossing," "kissing," and "bending" white matter fibers. 6, 7, 14, 25, 47 In particular, and with regard to the optic radiations, which have a complex inherent trajectory and morphology, even the most advanced neuroimaging techniques are prone to anatomical inaccuracies, distortions, and errors and are not superior to the classical dissection methods. 2, 11, 24, 26, 35, 48 The fiber microdissection technique is still the gold standard for exploring intricate white matter pathways, which is why we chose it to be our basic method of investigation. 11, 19, 22, 24, 26, 30, 35, 48 Through these focused white matter dissections, we consistently observed the roof of the atrium to be covered by claustrocortical fibers, parietopontine fibers, and fibers of the parietal thalamic radiation and tapetum and found no evidence of optic radiation fibers arching over this segment of the ventricular trigone. Accordingly, neurosurgical approaches that aim to access the atrium through its roof do not potentially place the visual pathway at risk of injury and therefore do not increase surgery-related morbidity. Because the plane of the intraparietal sulcus was always seen to correspond to the roof of the atrium, 10, [17] [18] [19] 40, 41 operative trajectories directed through the superior parietal lobule and intraparietal sulcus are considered to be safe and effective corridors for treating intraatrial lesions. However, when the subcortical dissection is tilted inferior to the level of the intraparietal sulcus, within the boundaries of the inferior parietal lobule, then the atrium is entered through its lateral wall, the optic radiations are hit, which results in postoperative visual deficit.
With regard to the floor of the atrium, we consistently found fibers of the visual pathway coursing on its most lateral/outer part in all studied hemispheres. These fibers exhibit the characteristic direction, trajectory, orientation, and termination pattern of the anterior optic bundle as they bend inferiorly to cover completely the floor of the occipital horn. As a result, the surgeon should be very diligent when approaching the atrium through its floor and try to tilt the operative trajectory as medially as possible to avoid disrupting anterior optic bundle fibers lying in the lateral atrial floor, which can result in postoperative upper quadrant hemianopia. This knowledge is of great importance when it comes to presurgical planning and approach-related decision making for the treatment of patients harboring an atrial lesion with no evidence of preoperative visual deficit.
During our study, particular emphasis was placed on the correlative topography of the intraparietal and collateral sulci to the roof and floor of the ventricular atrium, respectively, because these sulci have been used as surgical corridors for treating atrial lesions because of their short and direct access to the ventricle. 1, 9, 10, 12, 13, 15, [17] [18] [19] 29, 41, 50 In this context, the intraparietal sulcus, when it has the appropriate morphological characteristics (i.e., a straight, continuous sulcal segment of at least 3 cm for microsurgical dissection), offers a safe and effective trajectory to the atrium that avoids injury to the optic pathway. 12, 15, [17] [18] [19] 21, 41 However, there is a tight relation between the plane of subcortical dissection achieved and the location of the SLF, particularly at the most anterior part of the sulcus. 19 This relation is of particular surgical significance when approaching lesions on the dominant hemisphere, because the SLF is known to participate in the phonological and semantic pathways of language. 3, 4, 28 In addition, the part of the collateral sulcus that corresponds to the ventricular trigone and is used during the transtentorial transcollateral sulcus approach was observed to point either toward the lateral part of the atrial floor or even outside the ventricle in 88% of the hemispheres we studied, therefore conferring risk of potential injury to optic radiation fibers and resulting in postoperative visual field deficit. Only in 12% of the hemispheres did the collateral sulcus, when followed, safely lead to the medial part of the floor of the atrium. Therefore, it is evident that a thorough preoperative assessment of the special morphological characteristics of the sulcus in terms of its length, depth, trajectory, branching pattern, and continuity in focused MRI scans, 38 in combination with the proper incorporation of intraoperative neuronavigation, not only determines the feasibility of the approach in a given clinical case but also increases its safety and efficacy, which decreases surgery-related morbidity.
Conclusions
A focused fiber microdissection technique was used to clarify the topographic correlation of the atrial roof and floor to the fibers of the visual pathway, because it is considered the gold-standard method for exploring confined cerebral territories with intricate white matter architecture. Thus, in contrast to previous thought, the roof of the atrium proved to be devoid of optic radiation fibers, whereas the atrial floor was consistently observed to harbor optic fibers along its lateral, most outer part. Accordingly, operative trajectories that access the atrium should be evaluated with regard to their safety and efficacy and the preoperative clinical status of the patient. In that respect, the intraparietal and collateral sulci can be used as potential corridors to the ventricular trigone when particular morphological characteristics that determine the feasibility and safety of the relevant transventricular approach are adequately appreciated during meticulous presurgical planning.
